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Abstract
Egypt suffers from the rapid growth of informal areas, as an expression of the population needs. New cities have 
not been able to attract the inhabitants of those areas, as a result of lack of responsiveness to the needs and priorities.
An earlier study by the researcher using a fuzzy model of priorities showed that the independent results of each class 
of cooperative trinity was spaced, which made a model giving a double-headed decision. The aim of this research is 
to develop the former fuzzy model to make it able to choose a single ideal alternative to represent compatibility
between cooperative trinity. The model used a neighborhood satisfaction index, the fuzzy logic and Delphi method .
Results showed the efficiency of the developed model and the possibility of reaching through it to an ideal 
alternative to the indicator of urban development.
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1. Introduction:
The contemporary city in developing countries, including Egypt, is suffering of rapid urbanization and the
increasing demand for housing is not commensurate with the economic capabilities of the state and its resources.
The breach laws are growing within urban environments, as an expression of the population about their 
requirements and their needs. New cities and the state projects have been unable to attract low-income people, to 
reduce the growth of informal areas, as a result of not meeting the requirements and priorities of the population. .
Until it became 60% of the output of the housing units in Egypt produce in the informal areas. (Specialized National 
Councils 2000).See Fig.1
So achieving a successful urban environment lies in the link between the role of the state and the experiences of 
the population to try to achieve the difficult balance between the spontaneous growth that reflects the population 
needs, and the state programs which lacks a great deal of those requirements.(Eraqi 2013). See Fig.2. Self-help 
housing programs appeared as the opinions of researchers in exploiting the capabilities of low-income in informal 
areas, such as have appeared by (Abrams 1964; 
Abrams 1966; Turner 1966; Leeds and Leeds 
1967; Turner 1968). However, it depends on the 
gradual implementation of the urban environment. 
This requires the development of progressive 
priorities to the requirements and needs of the 
population.  
The application of those ideas has been put in a
model to predict the demand priorities in a former 
researcher’s study, helping to take the appropriate 
decision to the priorities of urban development for 
low-income areas of cities to participate between 
cooperative trinity of experts and decision-makers 
and users. But the results showed a clear 
contradiction in the ranking of urban development
priorities between the cooperative trinity, it put a
new obstacle in the way of setting clear priorities for sustainable development of the urban extension of cities.
The aim of this research is to develop a fuzzy model used in a previous Eraqi’s research to bring agreement in 
forecasting the development priorities between cooperative trinity. This makes it easier for decision-makers access 
to alternative optimal development, as an important entrance to make a balance between state intervention and the 
requirements of the population. This will achieve a sustainable urban environment and improve the situation of the
Fig. 1 Rapid informal growth, during 8 years, the parties of Shiakhet Helwan 
-Egypt. 2000 (left) and 2008 (right). (Sims 2010)
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urban sprawl of the contemporary city. The limited scope of the search is to predict indicators of the demand 
priorities for urban environments developed for low-income people within the city.
2. modeling techniques
2.1. Neighborhood  satisfaction index:
Experts have pointed out that the most important indicators measure of performance environments urban housing
is the so-called Neighborhood Satisfaction Index (Kellekc and Berkoz 2006; Adriaanse 2007). This is an indicator 
assessing the elements and components of the urban environment and the impact of each of them in the case of 
population satisfaction. This to achieve success and sustainability of the targeted urban environment. So it would be 
a tool that will depend upon this study.
The success of any housing project development requires the development of consumer satisfaction as a top 
priority (Perng, Hsueh et al. 2005). In order to achieve sustainability in the housing sector, housing developers on 
the housing industry must organize to suit the needs of families and their desires by studying the factors influencing 
the urban environment and leading residential satisfaction or lack thereof. (Teck-Hong 2012)
In general, all the theories of neighborhood satisfaction centered on the idea that the degree of satisfaction stems 
from the difference between the user expectation for housing and neighborhood and between the actual reality
(Galster 1987; Lu 1999). Studies proved that the satisfaction requirements are hierarchical but in a variable 
arrangement as a variable of the communities characteristics.(Eraqi 2013)
Based on the study of human needs the neighborhood satisfaction indicators has been developed and experts were 
interested in its re-development (Chapman 2007; Teck-Hong 2012). Eraqi developed an index for neighborhood 
satisfaction for low-income based on the direct impact of individual characteristics and demographic on all the index 
properties which are divided into five main characteristics to represent the components of the urban environment. 
see Fig.3.
It has been found that the evaluation of the index is influenced by many factors, the most important of them are
the impact of satisfaction index in increasing the cost and its impact in increasing the satisfaction and finally the 
probability of occurrence (Eraqi 2013). The balances between these effects to achieve true priorities predict demand
needs.
2.2. Fuzzy techniques: 
It has been found that the analysis of the population requirements is faced with the complexities of linguistic 
expressions, expressed on the status of satisfaction among the population, which have a large degree of uncertainty
and belong to the qualitative values. These complexities and values which the traditional quantitative analysis 
cannot be dealt with sufficiently precision or evaluation until they are converted to quantitative values (Chan,
M.asce et al. 2009). This called to use a fuzzy logic technology which is a technique able to forecast the future and
deal with the complexities of the urban environment.
Fuzzy logic adopts to the idea that the degree of affiliation to any answer be graded between right and wrong, in 
the sense that there is no absolute correctness or absolute error, but hazy part of replies, to represent the true 
expression of the answer to the question, the answer may belong to one larger than the other highly available  .  
If we look at the expression like (air is warm inside the building and very cold outside), this simple phrase we use 
a lot, but if we think of how to analyze this expression to the values understood by the computer, we will find it very 
difficult. What is the basis for these evaluations? And what is the real affiliation degree of air inside the building for 
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warmth, and outside for cool? Therein lies the mystery of language in the expression of the people feelings toward
something.
In the traditional system, variables are numerical and thus the values are quantities. In the fuzzy logic, variables 
are linguistic like (not satisfied), (satisfied) and, therefore, the values are qualitative values, which fuzzy logic can 
deal with and convert to a quantity which can be studied. And human use linguistic variables to summarize the 
information and analyze complex systems and the issuance of the difficult decisions, but not to use quantity 
numerical expressions. (Abd-elnoor)
Fuzzy Logic Process: 
The system works according to the following steps:
- First, is to determine fuzzy variables to the study, which are in this case the (probability of occurrence,
impact in increasing the satisfaction, and impact in increasing the cost) as a policeman variables, and demand
Fig. 3 Eraqi's Neighborhood Satisfaction Model (Eraqi 2013)
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priorities as output variable, and fuzzy variables police is processed using statistical methods, to get the 
appropriate formula for these variables, where this formula is the result or outputs.
- Second, determine the affiliation of result or output to a group or groups of fuzzy (low, medium ...), and to
identify membership variables to fuzzy groups, in order to express the uncertainty of the values of these
results, this phase is called (fuzzification).
- Third, by (Inference Engine) which is a mathematical technique, and by taking the advantage of the fuzzy
rules knowledge (if, then), the result of the conclusion is the fuzzy result which represents the availability
condition of fuzzy rules. But output belongs in different degree of membership for two fuzzy groups (0.7low,
0.3 high), and decision-making is still a mystery. And foggy rules be formula as:
[If (factor 1) and (factor 2) and (factor 3) then (result)]
- Fourth: illustrate output, and convert it to a single value, using Matlab software and then applying the
method (center gravity of area). This phase is called (defuzzification) and the only numerical value is the
output variable (the priorities of demand), and the decision becomes clear, see Fig. 4.
2.3. Fuzzy Delphi Method: 
Delphi method was proposed by (N. Dalkey 
& O. Helmer 1963) to facilitate the prediction, 
by bringing the views of experts after several 
rounds of exchange of knowledge. This method
is used on a large scale in many administrative 
areas such as forecasting, project planning, and 
politic analysis. (Lee, Lin et al. 2010)
However, some shortcomings appeared due 
to low response rate experts, uncertainty and 
ambiguity in the survey questions and respond 
to them and high cost and length of time.
(Chang and Wang 2006) So, it has been 
incorporated into other techniques to increase 
its effectiveness, and one of this techniques is the fuzzy logic (Lee, Lin et al. 2010). Pilot studies of the Fuzzy 
Delphi Method (FDM) were conducted and been used in many fields (Chang and Wang 2006; Lee and Li 2006). 
Public benefits of this method (FDM) can be summarized as (Chang and Wang 2006): 
x To reduce the number of survey rounds, thus improving responsiveness and save time and cost rate.
x To avoid distortion of the individual opinion of experts.
x To give the expected implications of forecasting operations.
x To deal with the uncertainty of operations for information respondents.
3. Methodology
3.1. Fuzzy Satisfaction Assessment Model (FSAM):
Fig.5 illustrates the fuzzy model which prepared in a previous work by the author, (Eraqi 2013) and was 
intended to predict the priorities of the demand for the development of urban sprawl in support of self-build 
approach. Despite the success of this model in determining the priorities of the demand of the target sample, it was 
not of positive access to support the executive decision making to agree upon a single development partner’s
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decision. It has emerged that the 
independent results for each category of 
development partners were far apart and 
were not compatible, which make it a 
model giving a double-headed decision.
The model has been modified in 
support of participation, where the re-
use of Delphi method at its end brings 
the development priorities of each party 
deems more available for 
implementation. To do that, the model 
was replaced by the form of a party 
ended to become a circular model 
Closed for the purpose of participation 
of the parties to re-evaluate its position 
and the convergence of views to get 
close to the values, see fig.6. The case 
study needed an application cycle of 
four stages, each of them has been 
representing the results to the parties 
and discussed by the researcher and his 
collaborators with all parties.
3.2. Fuzzy Demand Priority Index 
(FDPI):
x Crisp input:
The use of this model needs three indicators: Probability Index (PI), Impact Index for Satisfaction (IIS) and
Impact Index for Cost (IIC), by linking the three indicators affects the assessment of population satisfaction index. 
Fig.7 describes the equations used: 
ܲܫ = σ ୔௜
ఱ
೔సభ כ୒௜
σ ே௜ఱ೔సభ
(1)
IIS = σ ୍ୱ୧
ఱ
౟సభ כ୒୧
σ ୒୧ఱ౟సభ
     (2) 
ܫܫܥ = σ ୍ୡ௜
ఱ
೔సభ כ୒௜
σ ே௜ఱ೔సభ
  (3), where:
Pi is the probability weights `Isi is the weight of the impact on satisfaction.
Ni is the number of respondent’s participants i option.    Ici is the weight of the impact on cost.
x Membership Function:
Fig. 5  The old Eraqi’s model of urban development fuzzy (Eraqi 2013)
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In the proposed model, triangular 
membership functions for all inputs and 
outputs were used. These functions have
been selected based on previous 
researches. This shape has been used by 
(Ukoha & Beamish 1997) in the study 
of quality in residential neighborhoods 
level, and by (Kusan, Aytekin et al. 
2010) to predict the sale of real estate 
price.   
x The rules of the assembly within the
model:
A set of rules that aggregate working 
on the link between inputs in a logical 
manner, as already mentioned. In this 
model (FDPI), we use the Zadeh system 
limited to the use of the relationship 
(and) between input. It will produce 125 
bases when using the demand priorities 
indicator.
x The study area, samples and
questionnaire:
The case study will be on Damaris
area a village became the northern 
extension to the Minia City, one of the 
low-income area that grow randomly 
outside legal frameworks and have an 
extensible urban area on the vast lands 
of a closed factory. The size of the area 
is 40 acres and a population is about 10 
000 people, (Ministry of Housing and 
Urban Development 2010) most of them 
farmers, employees, and the original 
form is spontaneous planning for the 
villages while its extensions take the 
form of agricultural divisions. It suffers 
from poor services and infrastructure, 
overcrowding and unemployment. So 
research interested on the application of 
this region using self-help approach to 
achieve a common formula for 
development priorities for the rapid 
urban sprawl of Mother City to achieve 
the population satisfaction and a 
minimum of planning standards as 
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workers essential to achieve a sustainable urban environment.
The study sample consists of two tranches, the first tranche represents experts and decision-makers amounted to 
20 people while the second tranche of the residents of the area were selected randomly and amounted to 400 
individuals.
The questionnaire was drafted by 77 questions representing alternatives available within the built environment of
the low-income population depending on neighborhood satisfaction index. It uses Likert scale of five ratings in the 
assessment, (very high, high, medium, low, very low). Where Likert scale is characterized by that easy construction 
and allows participants to answer the questionnaire according to the degree of feeling towards the statements.
(Barnett 1991)  
4. Results and discussion:
Results had been gone through four stages to reach a consensus between the cooperative trinity priorities of urban
development required. Stages of re-float the questionnaire on the sample stopped when we reach this goal.
 Table 1 shows the results of the fourth and final stage of the fuzzy model to predict the demand priorities for
Urban Development Index. The results show access to agree between Cooperative Trinity in the selection of the
most important explorer in each set of sub-groups of neighborhood satisfaction index, (shown shaded), despite the 
relative spacing sometimes for these explorers in the overall ranking to the priorities of satisfaction (demand), but 
the research proved that the increase of sessions to re-discuss the results with the sample lead to greater 
convergence. Table 2 shows the required Urban Development Index.
Table 1 Results of Fuzzy Satisfaction Assessment Model (FSAM)
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Table 2 the Urban Development Index
Sub group No Index
U
rb
an
 
in
de
x 
Building materials 1 State provision of building materials
Building method 2 Self-building or participation of neighbors
Construction method 3 building with armed concrete
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Sub group No Index
Design  &license
4 Population provision for design and license
5 Design takes into account privacy
Housing area 6 House area 60m2
Housing type 7 shared house with a neighbor or relative
Implementation mechanism 8 Building on the stages identified by experts and citizens
Neighbors distribution 9 According to customs and tradition
Building  pattern 10 Buildings adjacent walls from two sides
Neighborhoodcharacter 11 Closer to the modern City
planning mechanism 12 planning land by the population and experts
Neighborhood size 13 A small area of a few roads
Street-scale 14 Internal pedestrian 4:6 m,  abroad cars
Street type 15 Paved solid floors (tile – cement)
E
co
no
m
ic
 in
de
x Infrastructure 16 State provides a part, the rest self-provision
Services mechanism 17 Leave  land for services and sell auctioned
Services status 18 Shopping services scatter in main streets
Work availability
19 Work determines the place of housing
20 Providing area for crafts & small industries
So
ci
al
 
In
de
x
Social interactions
21 The presence of custom governs in region
22 Relatives provide in housing area
23 Provide social and recreational places
24 Neighbors Homogeneity in traditions
M
an
ag
em
en
t i
nd
ex
Participation type
25 Funding for Services Region
26 Post effort and time (Management….)
Buying& selling mechanism 27 Only allow allowance
management law 28 Determined by experts and residents
land division & the tenure
29 Purchase the extension from State and sold
30 Give ownership unconditionally
Funding 31 According to the self-potential
Investment 32 Auction for distinctive Lands and services
Training 33 Training for neighborhood administration
Management &  follow-up 34 Committee of residents &  district Eng.
Fig.10 shows the results of the first phase to assess priorities while Fig.11 shows the results of the last stage. It 
appears from the comparison between the two figures, how the opposing results in the first stage turned to the many 
substantial convergence sometimes in the last stage. Diagram lines in the first figure are shown opposite ups and 
downs while in the final phase appeared more harmonious and consistent. This demonstrates the positive of 
participation and effectiveness of the fuzzy model in the re-making coordination. 
The results development show from the first phase up to the fourth, that the results tend sometimes to expert 
opinion when convinced of the population, other times moving the opinions of the expert direction of the views of 
the population. It is a positive trend underlining the importance of participation in decision-making.
The urban development index shows a tendency towards norms and family link and jowl houses and attention to 
community participation which are the characteristics of villages and which is the origin of the zone. It has been 
merged or modifies some explorer within some sub-groups as a result of discussion of the sample and their desire to 
do so, or as a result of high rank within the results. For example, point (Building on the stages of time plan) have 
been modified based on discussions to become (Building on the stages identified by experts and citizens), they also 
agreed in the point of (Buildings adjacent walls) to be (Buildings adjacent walls from two sides).  
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Fig.  Results of Fuzzy Satisfaction Assessment Model (FSAM) (First phase)
Fig.  Results of Fuzzy Satisfaction Assessment Model (FSAM) (Last phase)
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5. conclusions
Urban Development Department in partnership to achieve a balance between the priorities of the population and
the requirements of the state are one of the most important factors to achieve sustainability. Table 1 shows the 
results of the questionnaire, which represents the alternatives available under the main groups and sub-model for the 
residential user satisfaction. And appeared one alternative under each sup-group which represent together a clear 
indication of the requirements of urban development reflects the characteristics of the population
It emerged from the research that the expertise of people within their environment gave them different priorities 
for the development of expert’s vision. But the compatibility was possible to choose the Urban Development 
Indicators for urban sprawl areas. Especially when using the developer fuzzy model which helped in the clarity of 
the results and positive discussion between Cooperative Trinity, this achieves high population satisfaction in urban 
development projects and leads to raise the success rate and its sustainability.
Also, the methodology of using fuzzy model made these indicators explicit numbers not subject to interpretations 
and opinions of decision-makers and reduced much of an effort to get correct results and consensual. A trend that 
supports the self-help approach and reveals the built environment attributes desired to development which cannot be 
discovered secrets they contain by the expectations of decision-makers.
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